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[57] ABSTRACT

192/18 A

.. 192/18 A

A combination clutch and brake unit for an engine
driven lift fan propeller system controls power transfer
from an engine to a propeller assembly and includes a
clutch selectively operated by a hydraulic piston be-
tween engaged and disengaged positions to couple a
drive input to a drive output and wherein a carriage for
a hydraulic piston in a clutch supports a movable brake
component and shifts it with respect to a fixed reaction
brake member to brake the output shaft of the device to
prevent free wheeling of the lift fan propeller when it is
decoupled from the engine and wherein the clutch pis-
ton i1s biased into its decoupled position by return
springs that also maintain the brake components in an
engaged positon when the clutch is decoupled.

2 Claims, 3 Drawing Figures
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CLUTCH AND BRAKE MECHANISM

This invention relates to propeller drlve systems and
more particularly to fan lift and propeller drive systems
including a hydraulically operated clutch operating
piston and including a brake for preventing fan free
wheel and resultant rotation of a decoupled clutch out—
put shaft. |

In vertical takeoff and landing aircraft, clutch devices
of unitary cenﬁguration are utilized to selectively con-
nect a gas turbine engine to a fan or propeller unit dur-
ing a lift mode of operation. Such clutch devices are
characterized by having a hydraulically operated piston
therein which exerts a clamp-up. pressure on friction
plates within the unitary clutch assembly to affect rota-
tion of the output shaft in response to input shaft opera-
tion on operator demand. In such arrangements, the
hydraulically operated piston is maintained energized
until input and output clutch members are mechanically
interconnected during the drive mode of operation.

A specﬂ'lc example of such a drive and lift system is
set forth in copending U.S. application, Ser. No.
853,178, now U.S. Pat. No. 4,157,135, filed Nov. 21,
1977. In this arrangement, an engine drive shaft is cou-
pled to the input of a clutch assembly between a com-
biner box of the drive system and a forward or nose fan
unit that is used during a vertical take-off mode of air-
craft operation. The clutch is a self-contained tunit oper-
able to transmit in excess of 11,000 hp at full fan drive
speed and includes friction drive discs therein operated
by a hydraulic piston control into an engaged phase of
operation until a lock mechanism is operated upon syn-
chronous speed of operation between the 1nput and the
output of the clutch. | |

In such arrangements.it is desirable to prevent free
wheeling of the fan pmpeller assembly and clutch out-
put drive when the clutch is decoupled. |

Accordingly, an object of the present 1nvent10n is to
provide an improved combination brake and clutch
assembly including means compactly arranged within a
clutch housing to brake the output shaft of the clutch to
prevent its drive by a free wheeling propeller of a fan
lift assembly when there is no power transfer thereto
from an associated drive engine for the fan lift unit. .

Another ‘object of the present invention is to provide
an improved clutch and brake unit having self-con-
tained components within a single housing located di-
rectly within a drive line between a power source and a
variable pitch, lift fan unit and including an outer clutch
member and an inner clutch member connected respec-
tively to an output shaft and an input shaft; each having
clutch friction plate secured thereto; and further includ-
ing a hydraulically operated piston at one end of the
housing operable to pressure the clutch plates together
in response to operator demand and wherein the hy-
draulically operated. piston includes return springs for
locating the piston in a deenergized position when the
clutch is disengaged; the piston for energizing the
clutch having a movable brake component secured
thereto. for axial movement with respect to a reaction

brake component secured to the housing at one end

thereof outboard of the hydraulic piston; the piston
positioning the movable brake component in a disen-
gage position when the clutch is engaged and the return
springs biasing the movable brake component into brak-
ing relationship with the reaction brake component
when the clutch is disengaged to produce a brake action
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2

on the clutch output shaft so as to prevent its drive by

free wheeling of a fan or propeller component of the
variable pitch lift fan unit.

Further objects and advantages of the present inven-
tion will be apparent from the following description,
reference being had to the accompanying drawings
wherein a preferred embodiment of the present inven-
tion is clearly shown. -

- FIG. 11s a view in perspective of a mechanical drive
for a lift fan including the clutch and brake assembly of
the present invention;

FIG. 2 is a fragmentary, enlarged, longitudinal sec-
tion view taken along the line 2—2 of FIG. 1 looking in

~the direction of the arrows with brake and clutch com-

ponents of the present invention in a first operative
position wherein power is transferred from a source to
a fan lift unit; and

FIG. 3 is a fragmentary, enlarged sectional view of
the clutch and brake components of FIG. 2 in a second
operative position wherein the fan lift unit is decoupled

from the power source and a fan component is braked

to prevent free wheeling.
- Referring now to the drawings in FIG. 1, a drive

system 10 is illustrated including an input shaft 12

adapted to be connected to the output from a combiner
gear box 14 having an input shaft 16 thereto connected
to a gas turbine engine 17. The combiner gear box 14
includes side output shafts 18, 20 that are directed later-

ally therefrom to interconnect main power propulsion

units for power transfer thereto from the gear box.
~ Such a mechanical drive system is suitable for use in
lift cruise type propulsion systems wherein the main

propulsion engines are operated during a forward thrust

phase of operation and power transfer can be directed
therefrom to an auxiliary variable pltch propeller type
lift fan unit 22. More partlcularly, in the illustrated
arrangement the lift fan unit 22 is connected by a plural-

ity of shaft segments 24, 26 and 28 and interconnected

couplings 30, 32 to transfer power from the gear box
under control of a self-contained, light weight com-

1.bined brake and clutch unit 34.

The lift fan unit 22 may, for example, be a front lo-
cated fan unit operable during vertical take-off and
landing modes of an aircraft. In such arrangements,
power 1is supplied from the combiner gear box and di-
rected through the brake and clutch unit 34 to operate
the fan during such modes at pilot demand. The brake
and clutch unit 34 1s operable to disconnect the fan unit
22 from the combiner gear box 14 during conventional
fight modes of operation where the main propulsion
engines are ‘used to drive the aircraft and to concur-
rently brake the fan unit.

1In accordance with certain principles, the brake and
clutch unit 34 includes an outer case 36 having end
plates 38, 40 to define a modular assembly that has
unusual compactness and is adapted for an in-line drive
train configuration of the type set forth in FIG. 1. The
brake and clutch unit 34 is operable to transmit up to
11,000 HP at fan drive speeds of between 8,000 and
10,000 RPM. |

-‘The brake and clutch unit 34 is under the control of a

clutch pressure valve 42 mounted on the end plate 38. It
1s also under the control of a lock system more specifi-

‘cally set forth in copending U.S. patent application Ser.

No. 853,178, now U.S. Pat. No. 4,157,135, filed Nov. 21,
1977.

More particularly, the brake and clutch unit 34 in-
cludes an internal oil cooled disc type clutch 44 having
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an outer clutch member 50 and an inner clutch member
52 in the form of telescoped tubular members. The
other clutch member 50 is connected to a radially out-
wardly directed large diameter open end 54 of an out-
put shaft 56 by a plurality of circumferentially located
nut and bolt elements 58 each of which are secured to a
radially outwardly directed flange 60 of the outer
clutch member $0. The inner clutch member 52 is
fixedly secured to an intermediate flange segment 61
formed on the inboard end of a tubular, open ended
input shaft 62.

The 1nput shaft 62 is rotatably supported by a roller
bearing assembly 64 that is supportingly received
within an internally located circumferentially grooved
surface 66 on the radial flange 68 of the output shaft S6.
The bearing assembly 64 is held in place by a snap ring
70 seated in a locking groove on the flange 68 and as-

sembly 64 supportingly receives the outer surface 72 of

an inboard stub 74 of the shaft 62. The output shaft 56 is
supportingly received by a bearing assembly 76 located
in a bearing support bore 78 formed in an inboard flared
nose 80 of the end plate 38. The bearing assembly 76 is
associated with a face type carbon seal assembly 82
supported on the front end of the end plate 38 by means
of an annular seal assembly support plate 84. The output
flange 86 is connected by means of a splined couple 88
to the outer surface of the shaft 56 and is held in place
thereon by means of a shaft ring nut 90.

In the illustrated arrangement, the output flange 86

has a radially outwardly directed segment 92 thereon
that is adapted to be connected to ears of one of the

couplings 30 as shown in FIG. 1 whereby the output of

the brake and clutch unit 34 will be directed to the lift
fan unit 22. In the aforesaid arrangement, the inner
clutch member §2 is connected to flange 61 and thereby
1s rotated relative to the outer clutch member §0 and the
relative speed therebetween is dependent upon the
amount of engagement between a first plurality of axi-
ally spaced friction clutch plates 94 that have a plurality
of radially inwardly located fastener tabs 96 fixedly
secured to the inner clutch member 52 at axial grooves
98 therein. Interleaved between each of the clutch
plates 94 are a second plurality of axially spaced clutch
discs 100 having tab ends 102 thereon fixedly secured to
the outer clutch member 50 at axial grooves 104 therein.
- A clutch piston operator mechanism 106 in cavity 107

of end plate 38 includes an annular piston pressure ap-
plicator 108 with an annular flat face 109 thereon in

engagement with the leftmost one of the plurality of

spaced clutch plates 94 as shown in FIG. 2. The piston
pressure applicator 108 is connected by means of screws
110 to a carriage 112 that is rotatably mounted by means
of a bearing assembly 114 in a bearing bore 116 of a
hydraulic piston 118. A split retainer ring 119 holds
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bearing assembly in place at its outer race. Inner race of 55

bearing assembly 114 is retained by a threaded ring 120
on carriage 112. A pressurizable chamber 121 in com-
munication with the outlet of valve 42 is sealed at oppo-
site ends thereof by means of annular seals 122, 124
supportingly received within an outboard grooved end
126 and intermediate grooved wall 128 of the piston
118. The seals 122, 124 are slidably sealingly located for
reciprocation with respect to step bores 130, 132 formed
on a stepped cylinder 134 that is press fit within the
cavity 107 and and is secured therein by means of a
bracket 136. The piston 118 is biased to the left as shown
in FIG. 1 by a plurality of return springs 137 that are
located in inboard recesses 138 of the piston 118 so that

635
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each of the springs 137 is biased between it and a radi-
ally inwardly dependent flange 140 of bracket 136 for
the cylinder 134.

~ Each applicator 108 has a stem 142 directed through
an Openmg 144 in a radially outwardly inboard end of
carrlage 112 so that operation of mechanism 106 will
shift bearing assembly 114 axially of plate 38 and car-
riage 112 axially of the clutch 4.

* 'The brake and clutch unit 34 includes a brake assem-
bly lncludmg a movable brake member 148 having an
annular radial flange 180 thereon fixedly secured to the
carnage 112 1n juxtaposed relationship with the inner
race of the bearing assembly 114. The brake member
148 includes a radially outwardly divergent wear sur-
face 152 with a peripheral tip 154 thereon. The brake
assembly 146 further includes a rotatably fixed reaction
brake member 156 having a generally conically config-
wred outer peripheral wear surface 158 thereon that is
located within the cavity 107 by a pair of dependent
flanges 160, 162, both of annular form. The outboard
flange 160 includes a plurality of axial splines 164 on its
distal end that mate with axial splines 166 of an L-
shaped ring member 168 that is held in place by means
of dowel pins 170 located at spaced circumferential
points along one leg of the L-shaped ring and thread-
ably secured to the end plate 38 to fix the L-shaped ring
168 in place with respect thereto. The inboard one of
the flanges 162 has its distal end 172 supportingly

-guided by an annular guide surface 174 on the nose 80 of

the outer end plate 38. A split ring retainer 176 is con-
nected to the guide surface 174 inboard of the distal end
172 to serve as an inboard stop for the reaction brake
member 156. The inboard flange 162 is biased agamst

the ring retainer 176 by a wave spring 178 that is sup-

ported circumferentially of the guide surface 174. The

wave spring 178 will yieldingly control outboard axial
movement of the reaction brake member 1356 to
smoothly mate the conically configured wear surface
158 to the wear surface 152 on the movable brake mem-
ber 148 during the brake phase of operation.
~ In accordance with certain principles of the present
invention, the brake assembly 146 is located in a com-
pact relationship with respect to the clutch piston
mechanism 106 to produce a combined clutch and brake
operation within the confines of a readily accessible
outboard location of the unitary brake and clutch unit
34. Moreover, the movable brake member 148 is associ-
ated with the movable carriage 112 of the clutch piston
mechanism 106 so as to be responsive to the spring
action of the return springs 137 so that the spring force
of the return springs 137 will maintain the movable
brake member 148 in a biased braking relationship to the -
reaction brake member 156 during the braking mode of
operation while serving the concurrent function of
moving the hydraulic piston 118 into a release position
when hydraulic pressure 1s removed from the chamber
121 during a clutch disengage phase of operation.
More particularly, operation of the improved com-
bined brake and clutch unit 34 includes an initial energi-
zation step wherein hydraulic fluid is directed into the
chamber 121 in accordance with operator demand at
which point the piston 118 will move to the right as
shown in FIG. 2 against the force of the return springs
137 to carry the carriage 112 and bearing assembly 114
thereon to the right so that the flat face 109 will cause
the friction clutch plates 94 and clutch discs 100 to be

pressured together to couple the input shaft 62 to the

output shaft 56. During this phase of operation, the
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movable brake member 148 is maintained out of contact
with the reaction member 156 of the brake assembly
146. .

The engaged location of the component parts of the
combined brake and clutch unit 34 are set forth in FIG.
2. In this mode of operation, the reaction member 156 is
maintained by the wave spring 178 to locate the inboard
flange 162 against the reference surface defined by the
sphine ring retainer 176. The conically configured wear
surface 158 is thereby conditioned for a subsequent
braking operation and moreover is located in spaced
relationship to the wear surface 152 on the movable
brake member 148 which is shifted into an axially
spaced relationship with respect to the reaction member
136. Power is transferred from the gear box 14 to the fan
unit 22 to produce a lift effect therefrom during a verti-
cal take-off phase of operation.

It 1s recognized that during other modes of aircraft
operation it is desirable to brake the output shaft 56 so
that there will be no rotation thereof when the fan unit
22 1s decoupled from the power source.

More particularly, this is attained in the present in-
vention by operation of the piston clutch mechanism
106 1into a disengage position, again at pilot demand.
Under this circumstance, hydraulic pressure is removed
from the chamber 121 and the return springs 137 will
accordingly force the piston 118, bearing assembly 114
and carriage 112 to the left as shown in FIG. 3. Concur-
rently, the movable brake member 148 has its wear
surface 152 moved axially against the wear surface 158
on the reaction brake member 156. The wave spring 178
will compress to accommodate axial adjustment of the
taper defined by wear surface 152 and wear surface 158
to assure positive full surface contact braking therebe-
tween. The return springs 137 have a preselected rate
that is sufficient to maintain an axial bias between the
braking components to assure a resultant braking force
suffictent to maintain the output shaft 56 locked against
any tendency for free wheeling of the fan unit 22 to
produce a reverse drive throughout from the output
shaft 36 into the operative components of the disc type
clutch 44.

By virtue of the aforesaid arrangement a positive
clutch action and brake control are provided by use of
a common clutch piston carriage and return spring
assembly which will produce clutch component disen-
gagement while simultaneously producing brake en-
gagement and wherein the movable brake component
can be connected to existing clutch components with-
out modification thereof and the reaction brake compo-
nent can be connected axially of existing clutch compo-
nents by a simple modification of an end case compo-
nent of the clutch assembly.

While the embodiments of the present invention, as
herein enclosed, constitute a preferred form, it is to be
understood that other forms might be adopted.

The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as
follows:

1. A clutch and brake unit for association with an
engine driven lift fan assembly to control power trans-
fer from the engine to the lift fan assembly comprising:
an outer housing with an output end case, a drive input
from the engine, a drive output to the lift fan assembly,
clutch means coupled to said drive input and said drive
output having a clutch applicator with a disengaged
position and an engaged position to produce clutch slip
upon initial power transfer from said drive input to said
drive output to accelerate the drive output to a speed
synchronized with that of said drive input, an inboard
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cavity within said output end case, means including a
hydraulic operator within said inboard cavity and in-
cluding a reciprocating piston selectively pressurized
and connected by an axially movable thrust bearing and
bearing carriage to the clutch applicator to position said
clutch means in its engaged position, means including
return springs outboard of said clutch applicator and in
engagement with said piston for returning said piston
when said operator is depressurized thereby to position
said clutch means in its disengaged position, and a drive
output brake located within said inboard cavity includ-
ing a rotatable brake member secured to said drive
output by said bearing carriage for rotation therewith, a
nonrotatable reaction brake member secured to said end
case radially inwardly of and axially positioned with
respect to said rotatable brake member, said rotatable
brake member being located radially inwardly of said
piston and being axially movable by said piston out of
engagement with said reaction brake member when said
clutch means is engaged, means including said piston
return spring for biasing said rotatable brake member
into engagement with said reaction brake member when
said operator is depressurized to brake said drive output
when the clutch is disengaged thereby to prevent free
wheeling of the fan lift assembly.

2. A clutch and brake unit for association with an
engine driven lift fan assembly to control power trans-
fer from the engine to the lift fan assembly comprising:
an outer housing with an output end case, a drive input
from the engine, a drive output to the lift fan assembly,
clutch means with clutch plates coupled to said drive
input and said drive output having a clutch applicator
with a disengaged position and an engaged position to
produce clutch slip upon initial power transfer from
said drive input to said drive output to accelerate the
drive output to a speed synchronized with that of said
drive input, an inboard cavity with said output end case,
means including a hydraulic operator within said in-
board cavity and including a reciprocating piston selec-
tively pressurized and connected by an axially movable
thrust bearing and bearing carriage to the clutch appli-
cator to position said clutch means in its engaged posi-
tion, means including return springs outboard of said
clutch applicator and in engagement with said piston
for moving said piston axially away from said clutch
plates when said operator is depressurized thereby to
position said clutch means in its disengaged position, a
bearing assembly having an inner and an outer race, said
outer race axially connected to said piston for rotatably
supporting said bearing within said piston, said carriage
member for said bearing assembly axially fixed to the
inner race of said bearing assembly to be carried there-
with axially in response to positioning of said piston and
rotatably by said drive output, a drive output brake
located within said inboard cavity including a rotatable
brake member secured to said carriage for rotation
therewith, a nonrotatable reaction brake member se-
cured to said output end case radially inwardly of and
axially positioned with respect to said rotatable brake
member, said rotatable brake member being located
radially inwardly of said piston and axially movable by
said carriage out of engagement with said reaction
brake member when said clutch means is engaged,
means including said piston return springs for biasing
said rotatable brake member into engagement with said
reaction brake member when said operator is depressur-
1zed to brake said drive output when the clutch is disen-
gaged thereby to prevent free wheeling of the fan lift

assembly.
* % ¥ % %k
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